
BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE STATE OF HAWAII 

In the Matter of the Application of 

PUBLIC UTILITIES COMMISSION 

Instituting a Proceeding to Investigate the 
Implementation of Feed-in Tariffs. 

DOCKET NO. 2008-0273 

T ; 

o c o 
':Dr— 

. y —— 

-J-CT 
: ^ c : 
rn—1 
^ F 
^5 

P"! 
CO 

3 : 
x-
^^ 

I 
CO 

Tl 
U J 

r o 

TAWHIRI POWER LLC'S 
SUBMISSIONS OF INFOMRATION; 

EXHIBITS "A" THROUGH "D"; 

AND 

CERTIFICATE OF SERVICE 

HARLAN Y. KIMURA 
ATTORNEY AT LAW, A LAW CORPORATION 
Central Pacific Plaza 
220 South King Street, Suite 1660 
Honolulu, Hawaii 96813 
Telephone No. (808)521-4134 

Attorney for Tawhiri Power LLC 



BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE STATE OF HAWAII 

In the Matter of the Application of ) 
) 

PUBLIC UTILITIES COMMISSION ) DOCKET NO. 2008-0273 
) 

Instituting a Proceeding to Investigate the ) 
Implementation of Feed-in Tariffs. ) 

) 
) 

TAWHIRI POWER LLC'S 
SUBMISSIONS OF INFORMATION 

TO THE HONORABLE PUBLIC UTILITIES COMMISSION OF THE STATE OF HAWAII: 

Pursuant to the Hawaii Public Utilities Commission's (the "Commission") Order 

Granting The County Of Hawaii's Motion For Approval To Amend its Status As An Intervenor 

To A Participant, Filed On April 8, 2009; Granting The City And County Of Honolulu's Motion 

For Approval To Amend its Status As An Intervenor To A Participant, Filed On April 8, 2009; 

Amending Hawaii Holdings, LLC, Doing Business As First Wind And Sempra Generation's 

Status As Inlervenors To Participants; And Amending The Schedule In This Proceedings, filed 

herein on April 27, 2009 ("Procedural Order If) , TAWHIRI POWER LLC CTPL") hereby 

submits lo the Commission its Submissions Of Information. Further, attached hereto as Exhibits 

''A" through "D'* and made a part hereof, are the supplements to the aforesaid Submissions Of 

Information prepared by TPL's two (2) Consultants and Expert Witnesses, Dr. Mohamed El-

Gasseir and Mr. Harrison Clark, with respect to the same. The Curricula Vitac of Dr. El-Gasseir 

and Mr. Clark were provided to the Commission on April 8, 2009, and a courtesy copy of the 

same is attached hereto as Exhibit "A" and made a part hereof 



L ADDITIONAL COST TO SMALL WIND FACILITIES TO 
REMOTELY CURTAIL THEIR GENERATION. 

In the afternoon session of Panel I, Mr. Harrison Clark was asked by Moderator Scott 

Hempling ("the Moderator") if he knew what the additional cost lo small wind projects would be 

if communications and hardware/software controls were installed to enable them to be curtailed 

from a remote location. Tr, Vol. I, p. 309-10. This inquiry was a follow-up to TPL's Response 

lo information Request No. 57 from The National Regulatory Research Institute ("NRRI") filed 

herein on March 16, 2009. Since Mr, Clark was testifying via Conference Call, his answer lo 

this inquiry could not be readily discernable. Id. at pp. 310-13. 

TPL has requested Mr. Clark lo conduct further research on the aforesaid inquiry to 

provide a more useful answer to the Commission. In that regard, the following is offered by Mr. 

Clark: 

Normally, utility system control and data acquisition (SCADA) systems 

that communicate over utility-owned transmission lines or fiber or microwave 

systems are used for such tasks. However, because SCADA systems typically 

service only transmission and distribution substations they are directly useful only 

for the larger generating plants and not for locations on distribution feeders. For 

larger plants controlled by SCADA systems, equipment costing several thousand 

dollars must be added at the interface between the SCADA system and the solar 

or wind plant. 

Direct load control has been widely implemented on distribution systems 

across the country for approximately $100 per customer. Radio signals have been 

generally accepted for some lime, and is the technology presently being utilized 

by Pacific Gas & Electric's (PG&E) Smart AC demand control program which is 

anticipated to serve 400.000 of PG&E"s 1.5 million customers. These radio 

systems allow virtually instantaneous response. In such applicalions, a single 



radio transmitter is normally used to control hundreds or thousands of air 

conditioners. However, digital encoding allows radio signals lo control specific 

devices such as individual solar or wind plants where individual curtailment is 

desirable. For instance, a utility SCADA system would deliver curtailment 

signals lo the applicable distribution substation(s) and immediately thereafter, 

those signals would be relayed by radio lo solar and wind plants served by the 

targeted distribution substation(s). 

A limited system serving only a few dozen, or a few hundred solar or wind 

generators, would be significantly more costly because of diseconomies of scale. 

Nonetheless, that limited system would probably cost less than $1,000 per 

generating unit. In other situations where solar and wind plant controls could 

complement a modern metering infrastructure (AMI) or a demand response 

system capable of reaching most customers, the cost would be only a few hundred 

dollars per generating plant. 

Due to the capabilities of the internet and fiber optic cable, coaxial cable, 

and digital subscriber line (DSL) technologies, anyone could program their home 

digital video recorder from their cell phone while enjoying a meal at a restaurant. 

Moreover, voice over internet protocol (VOIP) allows world-wide voice 

communication without any discernable delay may be used for remote-control 

applications that once required phone lines employing audio tones. Such newer 

and improved technologies are designed to be economically tasked lo 

instantaneously adjust or curtail the output of small solar and wind plants. Even 

an independent internet based system designed specifically for solar and wind 

plant control in a HECO system would be relatively economical, costing less than 

$500 per plant provided a few hundred plants were involved. The security of 

such systems may be of concern. However, this type of communication is as 

secure as email and VOIP services and may be further protected with encryption 

to increase security. 

In summary, the costs to install remote curtailment mechanisms in FiT 

generators will depend on the number of plants in service, the extent to which 

those plants are dispersed across the system, whether individual plant controls 



would be required, and the rate of growth in plant installations. Depending upon 

those factors, the costs would probably be a few hundred dollars per generating 

unit. However, in no event should the cost be more than $1,000 per plant. 

n . EXPLANTION FOR VARIABILITY IN INTERCONNECTION 
COSTS AS A STEP FUNCTION OF GENERATOR RATING. 

In the afternoon session of Panel III, Dr. El-Gasseir advised the Commission that 

the interconnection costs of a FiT Generator "is sort of the step function of the size of the 

machines." Tr, Vol. II, p. 255, In other words, and as previously set forth in TPL's Response to 

Information Request No. 52 from NRRI filed herein on March 16, 2009, "if you increase just one 

kilowatt above a certain limit, it becomes pretty heavy [(i.e. costly)] until you reach the 99' 

percentile before you get into the other level of initial cost." Id. at pp-255-56. The Moderator 

requested Dr. El-Gasseir to reduce lo wTiting the "specific information request that [TPL] had 

concerning the relationship between interconnection costs and project size". Tr. Vol. II, p. 257. 

Pursuant to the Moderator's request, TPL explains that there are two components 

lo interconnection costs: 

o The costs associated with the essential equipment for the projects 

such as metering cabinets, protection equipment, and switching 

and communication devices that link to the utility substation or 

control center, etc. 

o The costs or credits reflecting the system reinforcement required 

with different levels of new generating capacity depending upon 

the location(s) of their interconnection to the utility's system. 



The first category involves interconnection requirements utilities typically 

prescribe for independent power projects (IPPs) as well as in-plant distribution equipment. Such 

requirements uniformly apply to all IPPs regardless of location; varying primarily with voltage 

levels and to a lesser extent other factors such as the number of individual solar panel systems or 

wind turbines. 

The second category of interconnection costs focuses on the utilities transmission 

and distribution lines, and associated substation, and switching, protection and communications 

equipment. Exhibit "B" examines those possible components and the variables that affect their 

costs. TPL submits that the HECO Companies should provide sufficient information regarding 

this second category lo iacililale the unbundling of interconnection costs from the other project 

development capital requirements. This step is essential to an equitable and efficient design of 

PBFiTs, 

This second category of interconnection costs (or credits) is a totally unknown 

quantity for IPPs and has been a major impediment for renewable energy development in many 

states, including Hawaii. If timely and sufficient information in this area is made available by 

the host utility, an investor will be able to readily determine the interconnection equipment 

described in Exhibit B required for its renewable energy project. On the other hand, there is 

virtually no chance of identifying the costs of system reinforcements related to a proposed 

project without a concerted effort by the host utility to have available that information formatted 

on a location-specific basis. 

Having reasonably informative estimates of the total cost of interconnection for 

any specific candidate site and generating plant size is as vital for evaluating the economic 

efficacy of a contemplated project as it is vital for designing efficient tariff rales. This is due lo 
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the "lumpiness" of such costs and their variability depending upon project size and location as 

illustrated in Table 1. The hypothetical example in Table 1 involves a situation where a utility 

foresees four levels (steps) of system reinforcement costs (SRCs), each refiecting a tier (range) 

of total new generating capacity additions at a given location,' 

TABLE 1 

HYPOTHETICAL ILLUSTRATION OF THE STEP NATURE OF 
INTERCONNECTION COSTS 

Tier 

1 

2 

3 

4 

Generator 
Size (kW) 

0.00 

9.99 

10.00 

99.99 

100.00 

499.99 

500.00 

5,000.00 

System Reinforcement Costs 

Total Dollars 

0 

0 

100,000 

100,000 

200,000 

200,000 

400,000 

400,000 

Dollar per kW 

0 

0 

10,000 

1,000 

2,000 

400 

800 

80 

Clearly, ihe consequences of lacking such information in advance include: 

' In real applications, there might be cases with only one or two tiers, 
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o Developers wasting valuable lime and resources designing a project, preparing the 

application for interconnection, and then waiting for the utility to determine the 

required system upgrades and costs only to learn that the interconnection costs would 

render the proposed project uneconomical. For instance, as indicated by Table 1, 

investing in a 500-kW generator instead of selecting a 499-kW facility could double 

the SRC component of the interconnection costs for the unsuspecting developer.^ 

o Impossibility of a FiT rate schedule being effective when interconnections ranging 

from zero to $10,000 per kW, or more, remain hidden behind yet-to-be performed 

System Reinforcement Studies (SRSs). 

Sound PBFiT design and efficient developer participation require the following 

approach lo resolving this interconnection conundrum: 

1. Unbundling of interconnection costs into: (i) plant-side-of-the fence 

equipment requirements, and (ii) utility SRCs; 

2. Determination of the generic (universal) interconnection requirements by 

voltage class and other factors; and 

3. Determination and publication of Ihe SRCs on an annual basis in a manner 

similar lo the Phonebook concept adopted by the California Public Utilities 

Commission (CPUC) for its Standard Offer process as documented in Section 

HI of this Submissions of Information. 

Once the information from the above Steps 2 and 3 are made available, the 

" This situation could result when that extra kW breaks a threshold requiring re-conductoring of the transmission 
line. 



Commission could proceed with structuring PBFiT rates that will better encourage renewable 

energy growth by minimizing the risk of over-subsidization, while reducing developer costs and 

risks. It should be noted that identifying and quantifying system reinforcement costs in this 

transparent manner will also assist the Commission in resolving the issue of who will pay, and 

how to pay, such costs, especially when multiple developers are involved. The time to resolve 

this issue is the present, and the aforesaid provides a cogent reason for limiting FiT 

implementation to trial applicalions of one or two years. 

III. INFORMATION CONCERNING HECO COMPANIES' 
INTERCONNECTION REQUIREMENTS MODELED AFTER THE 
CALIFORNIA PHONEBOOK EXAMPLE. 

In the afternoon session of Panel IV, Dr. El-Gassier suggested "the phone book 

[method] in California" as a means to facilitate the interconnection of Project-Based Feed-In-

Tariff Generators ("PBFiT Generators") to the utility's grid ("'Phonebook"). Tr, Vol. Ill, p. 181-

84. Essentially, the phonebook concept involves identifying all locations for interconnection by 

a developer and specifying the following information for each identified location: 

o The required interconnection voltage level; 

o The maximum generating capacity permissible at that interconnection; 

o The cost or credit representing the monetary value of the system reinforcement 

impacts associated with different tiers of total interconnected generating capacity; and 

o Other related information. 

Such phonebook information would be made available equally, and in a fully transparent 

manner, lo all potential developers on a regular basis with annual updates to refiect the latest 



system changes. Potential PBFiT generators, as well as participants in other renewable energy 

development programs, would then use that information to evaluate and compare the economics 

of candidate locations for their projects. Attached hereto as Exhibit "C" is a proposed 

Phonebook format that may be utilized as an initial template for the HECO Companies. This 

format is modeled after the Phonebook concept used in California prior to the restructuring of its 

electric power industry. In addition to the information requirements outlined above. Exhibit C 

includes loss factor data to enable further locational cost/benefit differentiation between 

alternative sites. 

By service of an electronic copy of this Submission of Information, the HECO 

Companies are requested to respond directly lo TPL regarding whether the information presented 

in the proposed format would be acceptable for public dissemination and what changes if any 

should be made.^ 

The Moderator requested the citation for the California Public Utilities 

Commission ("CPUC") records concerning the Phonebook concept to facilitate interconnection 

with Independent Power Producers. That pertinent citation is CPUC Decisions 92-11-060, 92-

12-021, 92-09-078 and 93-03-20, Exhibit D provides a copy of a page from the Phonebook 

developed by Pacific Gas and Electric Company in response to CPUC directives. 

The Moderator suggested TPL discuss with the HECO Companies whether they would be able to provide the 
requested infbniiation for inclusion in the Phonebook, Tr. Vol, III, p, 183. According to the Moderator, this "would 
be verj' useful lo the Commission." jd. 
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Confidential Information 
Deleted Pursuant To 
Protective Order Filed on 
January 6, 2009 

IV. TPL's GENERATION IN 2007 AND 2008 IN RELATION TO ITS 
CURTAILMENT BY HELCO FOR THOSE VEARS. 

Also in the afternoon session of Panel IV, Mr. Adam Pollock from NRRI asked 

Dr. El-Gasseir for the "percent of the time that the Tawhiri wind farm would otherwise be 

running [if it were not] currently curtailed?" Tr. Vol. Ill, p. 218. Dr. El-Gasseir responded that 

HELCO curtailed TPL by 12,000,000 kilowatt hours in 2007 and 18,000,000 kilowatt hours in 

2008. Id. at p. 219. Since Mr. Pollock further requested information concerning the total 

generation for those years. Dr. El-Gasseir agreed to provide the same to the Commission under 

protective order. Id. In that regard, the total generation of the Pakini Nui Wind Farm for 2007 

wasMHHBBkilowatt hours, a n d M l ^ H B f o r 2008. 

V. REQUEST FOR GE STUDY CONCERNING SYSTEM 
RELIABILITY. 

In the morning session of Panel VIII, Dr. El-Gasseir responded to Commissioner 

Leslie H. Kondo's observation concerning the lack of detailed expert testimony on reliability at 

these Panel Hearings by pointing out the failure of the HECO Companies to provide the type of 

information needed to enable such contribution. He cited in particular the lack of access to "a 

study that was done by General Electric, very recent study by people [he knew] personally." Tr. 

Vol. V, pp. 103-04. According to Dr. El-Gasseir's recollection, TPL had previously requested 

access to the aforesaid study that was recently performed by General Electric to evaluate system 

10 



reliability impacts of high renewable energy penetration (the "GE Study"). See Id. at 104. 

Specifically, TPL's Information Request No. 11 directed to the HECO Companies and Consumer 

Advocate ("TPL-IR-ll") states: 

Please provide documentation of the following examples you cited in your 
response to Haiku Design & Analysis' Information Request No. 5 To HECO 
("HDA/HECO-IR-5") as evidence of the measures already taken by HELCO lo 
improve il "ability to effectively integrate existing and new variable generators" 
with respect to: 

a. "modifications to the HELCO AGC system to reduce the 
responsiveness of the system to short term fiuctuations in power output 
of as-available generation to avoid overcompensating for these types 
of fluctuations;" 

b. "modifications and tuning of the control systems for HELCO 
generating units to increase their responsiveness lo respond to 
fiuctuations in as-available generation output;" 

c. "increasing the regulating reserve carried on the HELCO grid to 
provide greater upward ramping capability of online generators to 
respond lo sustained drop offs of as-available generation;" 

d. "HELCO transmission projects which have increased east-to-west 
transmission capacity that also allow for greater operating fiexibility of 
dispatchable generation to reduce excess energy and curtailment of as-
available generation;" 

e. "a HELCO system stability study to define the minimum amount of 
steam generation (i.e., generation with higher rotational inertia) that is 
required to run at all times to ensure the stability of the system during 
typical emergency events such as transmission system faults, thus 
allowing belter understanding and quantification of the amount of 
wind and PV energy (i.e., generation with very little to no rotational 
inertia) that the system can reliably accommodate;" 

f the system studies being undertaken "to better understand what 
additional modifications are needed in operating practices and existing 
generation and T&D equipment, as well as the types and attributes 
needed from new demand response programs and generating units in 
order lo increase the grid's ability lo integrate as available generation"; 
and 

g. The study being initiated "to research and develop wind forecasting 
capabilities that predicts periods of higher risk for large and rapid wind 
ramping events using available meteorological data available for the 
Hawaii Island system." 

U 



[Emphasis added]. 

In response, the HECO Companies disclosed the existence of two (2) EPRl 

reports, Those reports were: (1) EPRI Evaluation of the Effeciivene.ss of AGC Alterations for 

Improved Control with Significant Wind Generation, EPRI, Palo Alto, CA: 2007. 1018715; and 

(2) Evaluation of the Impacl.s of Wind Generation on HELCO AGC and System Performance -

Phase 2. EPRI, Palo Alto, CA: 2009. 1018716 ("EPRI Reports"). Although it is not clear 

whether the EPRI Reports are related to the GE Study referenced by Dr. El-Gasseir, these 

documents should have been provided to TPL pursuant to TPL-IR-11 .̂  In any event, since the 

citations to the EPRI Reports were included in the HECO Companies' response to TPL-IR-11, 

TPL contacted EPRI directly for the same. In doing so, TPL was advised the EPRI Reports were 

"unavailable because they were out of circulation - inactive." Therefore, the HECO Companies 

are requested to provide copies of the EPRI Reports, the GE Study, and the system impact 

planning studies performed by Electric Power Systems Inc.^, to Counsel for TPL on or before 

Mav 12, 2009. in order that their contents thereof may be incorporated into TPL's Opening 

Brief, if appropriate. 

VI. COMMENTS ON INFORMATION REQUESTS OF THE 
NATIONAL REGULATORY RESEARCH INSTITUTE DATED 
MAY 7, 2009 

Requests # 1, and 5 through 8: TPL has no cominents at 

** The HECO Companies did not object to the production of the EPRI Reports on grounds of confidentiality, or that 
they were contractually prohibited from disclosing the same. Therefore, the EPRI Reports should have been 
provided to TPL on or before March 1 3, 2009, They were not. 

These studies were also referenced by the HECO Companies in their response to TPL-IR-11 (i.e. part e) at page 2 
of 4). 

n 



this time on the issues raised in these requests. 

Request # 2: Should the FiT be extended to incremental 

expansions of existing projects? HECO indicated technical or 

administrative difficulty in determining how much power would 

come from incremental additions. We asked HECO and developers 

to describe to what extent would this be possible? 

TPL Response: As a matter of principle, TPL believes all developers and projects 

should be afforded equal opportunity to choose between different renewable development 

programs. There is no technical impediment to determining the extent to which power may be 

received from incremental additions. A separate metering and settlement arrangement could be 

set up. Il may be possible to agree on using a simple capacity-ratios based mechanism to allocate 

production contributions and payments. The consequent increase in administrative costs would 

not be materially different from those associated with a new stand-alone facility. 

Request # 3: What reliability standards could HECO 

craft to add transparency, if not predictability, to HECO's 

reliability determinations for FiT applicants? 

TPL Response: TPL believes the real need is for streamlining system planning 

and system impact studies in a fully transparent manner and lo provide interconnection capability 

and costing information on a regular basis to all developers. This goal may be achieved without 

coinpromising reliability performance. TPL's proposed Phonebook approach would accomplish 

this as described earlier in this Submissions of Information. 
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Request # 4: We asked HECO if it would be possible to 

provide better circuit-level data to developers so that they can 

predict where IRS studies would be triggered. HECO indicated 

that they only have SCADA data for 20% of circuits. This issue 

may be outside the scope of the FiT, but is something that the 

utility and developers should address to improve the FiT's 

implementation. 

TPL Response: The proper solution is the approach TPL has described in 

Sections II and III of this Submissions of Information. 

VII. COMMENT ON THE NATIONAL REGULATORY RESEARCH 
INSTITUTE QUESTIONS TO BE ADDRESSED IN BREIFINGS 

TPL commends the NRRI for identifying and articulating the essential issues for 

the briefing phase of this proceeding. We intend to address the most pertinent ones in TPL's 

Opening Brief 

Respectfully submitted. 

DATED: Honolulu, Hawaii, May 8, 2009. 

^ ^ — ^ ^ 
TJ^RLAN^fKIMURAT 

Attorney for Movant 
Tawhiri Power LLC 
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HARLAN Y. KIMURA 
Attorney At Law. A Law Corporatton 

Tel (808)521-4134 Central Pacific Plaza E-mail hyk©aloha ne! 
Fax (808I52V0361 220 South King Street Suite 1650 

Honolulu Hawaii 96813 

.AD'II 8 2009 

The Honorabie Chairman and Membt^rs of the 
Hawaii Public Uti!i*ies Commission 

4CS5 South King Street 
Kekuanaoa Building, Room 103 
Honolulu HI 96813 
Attn- Stacy Kawasaki Djou Esq 

Re: Docket No. 2008 0273 - In the Matter of F^iblic Utilities 
Conimission Inst'tuting a Proceeding to Investigate the 
implementation of Feed-In Tariff: Curricula Vitae of Tawmn 
Power LLC's Expert Witnesses _ __ _ ^ „ _ _ 

Dear Coinmissioners and Commissici Staff 

Pursuant to Chamrian Carlito P Caliboso s letter dated Aprd 7, 
2009, attached please find the Curricula Vitae of the E!<pert Witnesses for 
Tawhiri Power LLC 

If you hiavo any questions regarding the above, or enclosed, please 
feel fiee lo contact the undersigned Thank yoLi for your assistance with this 
matter 

Very truly yours 

^ y - - ^ • -
/ f-ia'rian Y Kirnura 

Attachments 

.cc Ser\/ice List (w/ attachment) 
Tawhiri Pow«-;i LLC ^v/attachfnentl 
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\ \ \ s , \ ( " l 1 I .u \ \ I I I r i-K':i::ior 

X 
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.Sun»i)U' ( undiictcd Courses iinti Ituiiislry Seminars 

• ••SlalVW u i k - h o p III R c \ IL''.'. Aii.il>>!S I ' I ' I IK- S c d - t icik-iaiio'ii Irii. eii',:\ c I'!\n;raj7!'", 

r i l i l on i i a l-ncri. ') ' ( o i n n n s s i o i i . Sai.T.ni!L':iu\ Ca i i lovn ia , SCPIV- IHIXT --. ,"^0'iX 

••| ; ' 1 J : ; ' I ; . ; ' I ,r;,: K c h , ! ' r i J i \ [ i i ip io ; e n ^ n ' I ^•^•hiiok'jj!:-. ap.i I !• j i : < 'on t r i ' l 

K.\jii , : .-niL'?v^". i'ov\ J : ' . j r id i ' . \ \o\y C oi.U'icni. ' . ' . MiLii\ . i ia l> . . U n e . ^ '̂n 'S 

• ••[ .!i',rL.'iii:j ItV'DC U ' c l i n o l n p i o . ( v ' h l i o l s Liiul Appli^'alio;i .>", I'.r.s cr ( i : ; J l u r o p e 

i, VMOL-I\'M. C. \ \ . :UV: J , Sp. i in . .luiie 2 6 - . S, ^ n n " 

• ••! \ p c r K " K c -.Mill M M ' S M o J c H n ! : loi I ' o M - M D n ; ( . I I I K I M I . . M U I - O K / " , C \̂ .MAI'S 

I. ^.•l^ t o[-i"c!v-K'i.', ^^\l^ili:\!',•.oll I) f., o^ioLe!- I n - 1 7 . : n ' ) : : 

• •• \ [ : , i t> / i iv j ilvj i'oKMilial tor I'rieL' S|';k.-^". \Wirk.i!iOp lor ilic i \- .̂:\<:'.v i'.n'.vT ! iu lu>l i \ , 

U: ;s ) i i iuMon, D A . . . M a i v h 2(.. ]*J''0 

• ••[ ) ! . i [ ' ' v ! ie i i {ii.'ni.-ranoFis: As-ies;iii:.' I liLh-V;:li:i.- i:!;ln> \ p p l i o a ' i o n % " . H ; - ' M'l^l 

\\ o i k - h o p on !)is|[ih'.ii-jL; ( k " i j : a h o [ 5 . \A-\'. (>riL-,i;r.., ! 0'u:--i:ir.a, S e p K - i i i ' v r ! ' ' ' ' ' : 

• I riuriocriiiL! Ki'J d o u r M ' i : It.isic I h j i n u k i s r.ariiK-^ aiiii IncrL '^ C o n v e i - i i T . l'r:HC--.'.es, 

1 iiivJl-.!U o l C' . thturnJa, h c ! k ' j k ' \ 

.Selected Puhlications. keporls :inil Cctnference Prcscntiilions 

"•Ui.';i:i!\->ilion A\U\ \ 5 : : r^a i ;o i : o f WA-ak [!!|-.L'I L'V; 1 lansni i - . .loii t .Tl i..io! •• anil I A a l a a n i ' i ; t.[ 

l^ji'ln: ;uai;i.c l i i ipri '^ c i u c n N '\ I'lMi^ Mi';,.i::!ion . M c j ^ j r c s ( 'o^ l^ oi I a r i u Iriv.TooMr.Oi.k'il 

[•Mn^:;u•^sioll { i r i d ^ - . i p [ U . I ' ak . A l i o . i \ \ and l ) f l . \ ' M W O \ \ \ ' ^ V . H . ( ,. i . \ ; n a a a . : 0 ( ) ' ' 

C oa,-BenL-lit Ana:_ \ . ; ; . , . | liic Se: ! - ( icneni : !o i - , In-j.-n.ti-, e I'r.^Lii.nn. i J i . : o h c r : '• '!!<. c r ( . ' -? l . 'n-

: !O i )S - ino - | , • • • : j . . ,•;.(•;• :; . . ; , j , - - . ••>! >-•:. ., .'i^ . .k .u 'v i | r . ^i^o:-;••)•>-<"'.• i U -• ' ' i -T^ ' 'S- i ^i-

i \". '! 

" I l ie \pp l : t . a i i>>n i ' ! S c p i n e n l . i i i i i n ani i ( i r i J S l u K k \ l i ' iorhi , ' i - C o n c e p t 'AH Kclialilt .-

i ' M \ \ c i ( i n d s " \ M i J c l k - I as t P u \ \ c r C o [ ! r c r e m . - c . M i T ' ( ( J N . M a i ^ h 2(,KIS 

"SolienniL' ll]o l l low of Di^lurbane'C-;: ScL;nii.'iilaUoii ŝ :l!i d i id S h o c k .M^iorhors for 

) ic l i ; ih i l i i \ o! I. .IIL;C I lanMiiis.sion liuorv'o:inci.ikMi>", M A I .l . l-( j a ' s e i ; . cl a I , l l : i : l ' . !':>'••. cr I'i 

/ • J .O 'L ; ! .M.J'.: .:!!!.. . J;,u I ch : i !US. pp ^0 -4 ' 

• in ic iL ' Jn^ : ( i r id f ie: i a l i d i u : I m i r o s cn ivni I c c h i i o ' o c i i j s ' \ f 'c 'rspji . 'n\ c on ScLniiciiLU-oii. I lie 

( Ind ^i'.o.ek .\h-.orh-ci l . \>ii . .cfl . and t'o^mi'-jMnL' U-clinolo;.',;i;s " I !*k'. I, I ' j ln M u i . l , \ ind 

' .K ' \ . \ " a a c o ' o , cr. 11A ,. ( .ir.ada- r n i r . ifj: -^i'X' 

"li ' i icrnnlK'ncN SiiaK'-i-. i ' io t ; ; c i " , I inal i<i-non I ' rcparcd b \ 'die Iiiti.'!niinciii.-> , \ i ' a l > ^ i . ItTnn 

I Kuink! . liic. iM .d ) Joi d'.c t aliloi ' i ik; 1 nviv '• ( 'l||^lni-^ii>M I'l ld< l 'io-.;(ai;i. JuK 2i!l>7 

' 1 c is iki l i lN ol iisiii '. 11 \ ' I ) ( I cch i io l . i i ' s lov RcinlLirLir.u [lie Inlcr loi tn Low cr M. t ink ind 

I i,jnsirii,-,sion ( J i i d " . I)( I n i e r c o n n c c l Kcp'orl I ' rcparcd toi UC. I (.', J u n e 2 0 0 7 

" . \ssc- . -dni i s_\ ^lcn', Hoiicl 'n^ o!" Kc; ic ' . \abk- lrun:-dir.c I ran sMi i s s ion I ' l o j c c t s " , C'on-;Li;tani 

R L ; > , ' I : I ' r c i x r c J lor die f L d i l o n i i a I i i c r - \ ("oiiara----io.[;. O c c c i n h c r ?'i'H^ 
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- I c c k r i i c . i ' \>vc - . ' . nc ; i l ot"< n :d ^ l . o c k \ ! -oi : v r ( ."oiKcrr" . I d ' - i T ' i - M 1 i ' ^ f J^ ' ) . 

\ ) l ' l i ; lcuoMnci_I K c p o ; i . I;.d> 2 u 0 6 

i 'o ic i i l ta : Impact-- .'M I nn^^- k i n i Z o n a l-l ' on i rac t s Irom rhc X m e n d e d M a d . c ! Dcs i i in ,i'. 

l '[i 'p.>-od in ii;c .ltd . 2 2 . ."'O'l."'' d.ii,: I'l 'U;.' Ci l i toni iL; h k U p v - n J c n ! s> - K m '• *pera to : ' , -ndorc 

L"IC I c d c t d ! i icr jx Kc, ' (da! 'U> ( oinn;i^-.i . 'n" ' , ( o n l u i c n K a l l3ra:i I ina ' Kcpo^:'!. j i ic | i ncd. icr 

• ,c ( a d l o j i i i a ! ncr.-', !<c^o[[K j ^ ^c'icJn!"VLj i ) i \ j-a>i.. ( ':i!iK>rn:,i i i c pa: niici'. I ol \\ .iicr 

K C M I I I K C--. il:.". I . .'i in i 

•" I r a n ^ n i ' - - io:- ]' '.i:-n!ai,' tor an I IIJUNI;"* i: rr.;ii>:!!on Tfc Sch i /o ik i 1 • \̂ i ro j imcni i>l 

: t ;n- ;i:;^- mn In\ c .'.;[ cn:-. I ' kc in i r . c " . I ^a•'iSmi^^^'n lAna- ; - . i o r . ;nJ S} - ten ' s ai I . 'at iM'iun 

C ' o n l c i c i i c c , M i.[::M. 1 1 . I ci'':iiai"\ S. ?.'•''.'. 

" I laii - i n u - i u n I'laiMiiiic lor an Ind iu i i» it I ran-.il ion I o'.'.^ird^ ( . ' ' ' :npi-c l icn- i \ c KcL'ukilois 

and \ k i i k c l UcIoNii-i lor a M o ; c Id l i c i c t i l I'ov. cr l n d u s i r \ ". ri-a[>iin>-.ioai ] - \ p a n s i o n .UKI 

^> •.iciii- II: I t a n s iii o;i I. on! 'v ic ' ic f , Mi . in i : . I I,. i c h i i ; a r \ J<, 2 0 l C 

•d<c\ icu ,iiid .\nal>. -.1-. id \d i i ! in i - ;n , i t i \ c ' haiLic P r a c t i c e - o" I •• .dependent S;. >lern O p e r a t o r ^ " 

l ' rcpa:e^i 1'. ir I ndepc iuk -n i ;• :ee.rii. it-. M a i ! c! ( )pc iu!- i r o r ( ; r ; ' a r ! j . (.'aiia.da. !• inal I ' cp i ' " ! . N'as 

1.^, . : i^ id 

"'I'lio Knlc ol I Ian^ni i^^iop, i ' l icinp, A \k iaa ;^cn^en l in l ' reei | : i :adn; , ' tne ( n r e n t ( rivi^ in 

<- a l i l i ' i n i 1 A i'i-.!>pcct-- lor K e l ' i r i n " , 

I Mi i ' -a i i i ss io t i C d i d l A p a i i M o n a n d S w . c n i Ki-d iahi l i ( \ ( '< i i i t c i ' c iKC II : i u c u s n n 

I ' r i i ' i n o . \ l a \ .M. ."'iiol, I )cn\ 'c-i. ( t i l o r a d " 

•( a I ill .i Ilia A S i . t l o I a k o o \ c r o f T r a n M i i i s s i c n A s s o l s " . I ' l a n ' . i n i s s i o n ( I r i d l A p a n s i i - n 

a n d S \ •.iL'in U e | i a h i l i : \ ( on lL ' tv iU ' c L I OCIIN o n R c u i k i l i o n . Ma> 7::. .""on I Den' , cr. 

CokiuvliA I ho I ' rnbJc tn ' -of MoJcl i tH: I !•an^icnl L I K T ^ ) XLirl-.ciN". I k \ i r i c i i \ NLii'Lct 
I ' l i un ; ' I ' . ' nkcrcn jc . Wnl . ( •.doKn.Ki, Aiii:i;>iO- | o . k^O^ 

"• I ran.:;;:.— i " r l ) c \ c k ' p i n c i i : in li;c I •,^. a..d i i np i i c ano i i ^ :oi C a a a d i in P r o ; ivlcri". I d e c n i c i l > 

-••''•' ( . • . ' i i te ic i :ce . C i n a d i . i n I l e c l n c A ^ - o c ' a t i o n , \'aiii,>nK c i . H ( . M a r c k > ^ I '> ' ' ' ' 

"A\ OI-. n ' , ' Willi I ian'.tr.is--iiin I o a d i n c Re lie I H I R t in I'l c . cnt I a iuve "--iinpl;- !'• o h l c t n s .n;d 

' • 'c l ic\ c ' o n c e M i o i ! nn l i e !.n:..l ". In I oca >l \\ o r^^! lop t n n ! e r c n i . c on C'.MiLic^'.a'n 

^1..lnaLcnleI;l. W a - l i i np lo i i , I) ( ' . Marel - 7 \ 1"^>'' 

inip!: . . . i l i i>n . ot S i i p c i d S O - lo! Ihe Hn- . i ress Strak\L'ie-> o; | ' ' .rAer M a i k e l I ' k o e^^"^ l i i :nca>! 

1 on te i e iK e .n; ^•ol•.;;e^l!on I ' r i ca i c iV I .u ; ' l'^ \^ ash i i i e ! ' ' ! ; D C . .'^e['le^]!^er, ! ^>')^ 

••S> -.icn; ( I n c r a i i o i i M - d c l - lor an O p e n Nkt rkcf \ i-rai-icw-irk a : \ ! .Al'.e; • i . i ! . . c s - j d v ". 

r r c e n ' . e d al ' k e \ r , n n a i B r a / d I l i l i ' i e . f o i i i c r e t ^ e c . U i a / t k Ma> I') ')S 

" Ma i i i t k '•••,•. 1 I c l o e ( oi i ipa i> , \ i ; J i l ol S;i-.M^,icd ( o^]< i i.ai Rei-jo.rl", wwh MraTir.L'lo)--

\\ d i e - e^ l u o ! ; p , p r c p a i c d l-ar \ e ' . v .k-i-e:, l i . \u. . l o\ i ' lddjc I d i h o e ^ I ) , - ^ c ; \ o . 

I ( k r ' v ' " " l - f i . lJci.i-iv,her AJ')" 

•• Nccc-^ i cc ( nil .1 d i d a i i o n I ' u iposa l lor li 'c \*i cslcir , i n ' e r c o a n c c l i o n " . p i c ^ e n i c d a I \*. c^'.eltl 

K c ; ' i o n a ! I i a n - a ii-. o o n .A . s o e a i l i o u . Sail I ack C':i\ , ,lu!\ ! 'i*'7 

• D i ' l ; liMre,: i e . ; ; iiulo; 'ie-- ( d i a r a e ! e r i / a i io:i Anc: •^•.•^e^•>II;eni P:ia-.c I •.\n R e p . i r r .A--es^:r,^ 

I . ' . a l \ i e I In l c i ' i . i ' ed I'lanniiis.'. ol I J M o l v i i c d ( i e n e r a l i o i i . S ' . o ra jc 'aa.! IXai iand Si,K-

M cM^ 'emcn l l i u oO n leiil'. i:'i D e l e r n n p l ' . .nined I);.-.!: :i- .aioi S \ -.le;!! I'lii^i a d e s " , i v e f . i i e d 'o : 

H e i o - n I . , ' : . . . ! i ( on i j i an ' . , I)eeenv. '-v A'v"^ 
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"Di.^nalel .M - j ! )i-,!rii-'iiii-d ( icr.eia' . inn (.diara..icM/.i l ion A ih i .^^^c^:.;:;el;I k o : I i i i i i : M m-.i 

I 1 a hi i l l ; ; (. nni[ ian;. . I'll c|i,ii ed lot Ihc 1 oi j . I slain I ! ip l idnj i ( 'oi i i | iai" i \ , ^M>\ e in l ie i I '•''•> ^ 

• D I S I R l h r r i : t ) t i k N i K.Al [ D N : !nip| :v.u;ons !oi RcsirMciurlnc ihc klee'.ric I 'ov.ei 

lnda- : rv ' " . I ' abk . I : i ! i ' i cs r o i i i n c h : ! : . . June I .^ |M') . -

•d>i--In!Mi"eil i . ie: ivr. i l :oi i C1;araclcr i /ai i '>i i and .A--sc^->nverr l o : S a; D i e c o (..la^ ."c I lee i i ;e " . 

prepared 'or 'die 1 leelriu l 'ov\cr Re.-ea'ck. In- l inr .e d - I ' R I , . O c i o l v ; ' ' " M 

" I ) l» 'a ib i i ! cd Rc.-oia'^es .^^se^snlen! in die Ser\ ice ^erti l^'r^ ot . \ n / a I lecir ic C oopeiati ' - c". 

|-.:c;ia:evl t^a die I Icc i i ie IVVACI Re-e.irel i In.s'.nntc ! i i 'RI i. Oetobei i ' ' ' ' l 

"1 ) i . - tnbi i :cd Cicneratit in ••^•;^c^•.lnen^ lot .A/iei ida ener_L'elica nu in ic ipa lc o : ibc i,'i!> ol 

VIdan i'h,!^e k S;tiiic, and 1 cchiio!oi;_\ '*erecniri2 Tor I Mch \ 'ak ie .Appl icaaioi is", prep.ire.:! 

I r ; the i icLir ic I'o-.vei Rcscaic l i l i is l iu i te d P R I l , Oelobc i M''i-l 

"I ) i '- l [ ! h i l led { i cne ia l i o t i A.s.>c>..Miiehl ( i a i I el inc s A M a i k c l - h , ! - e d k; a me work ki ! ' 

!,\ ah;a;ai-.: I !;;. ',!iA'aiuc . \ p |d . ^a l i on . i " . p i t p . ncd loi ll;c Ide^-li ic !k>\^ei Reseaic l ; In^ l ' ta le . 

Dceend-ei ;'r-J.> 

1 )i ^•[ ' - i i lcd (.ic net a l ien \-..-e.-'-meiM. k.\ .i aai ion. .it:.! Piactiec l ' io_o;!;|i I ) ; , - ( i e : i P: . lei iec". 

p:cpaied :.•! 'die Idcc l r tc Po.-. cr Ke-^eaieh h i^n in ic d d ' R I i, November , 1"'̂ .= 

• \s .c - i i ie i -a okd-e i i e ' i d i l s o l l ) i - ! r iba le . i k '..el tAdl ( l ene ra lo i - in. die S j o , ice \ rea^ ••! 

Ccnn.d A 'sL'Ud^ V, c < S^n'-.'.cc-;. Inc." , p icpaivd loi I .PRl . f )e i . 'be i l ' i ' ' ' i 

"•' "arl'oti.i'.c kue , t \:\\>. all^^ D icscN as n i \ i t i h i i i e d l ienei LII .OI; Re.soii:i.e'. I ^onomi i . 

• \--csvi i i ' .n i ! ot .Npi ' l iea l io i i Ca-.c Stl ldie^ a: Oelc l l io rpc l 'o\vcr C o r p o n i l i o n " , piepared ku the 

fdee ioc purser Kc-car ,d i In^ninte M P!^l). Oclni-ei I ' " ' • 

' A l o l l e n ^ ,.i I'on.iU' ! ne! ( 'c i !- : a^ l)i--. '.nbireii-( jeneni l ioa Re>-i'au Ci ( i^e sl i id ie- loi die kos 

\ i i : . 'e lc . D e p a m n c n l I'l Wa'.cr ami Powek ' . piv[ iarcd tot i I'RI M a \ I " 9 : ' 

'd<cce;:; I )e\ e lopn;ent - \ t l c c t a ; e l',ir..iLh a! l.nciL'> i \|'o;",s lo l , 'a l : lA; i i i i and i )liiei" i S, 

M.uket-" ' , pi c'.c t i led , i ; the Aonh. Atne i ican Idecit iC Pn ',\et l i e n c M l i o i ! I leni .aid |oj C .inadai:; 

X.L-aira: (r.L> ir, the ! '• ' ' ' tK (. •.•nkcien.c. \ o cm'->ci '.')'•!'. 

"Need .A^^css)nenl o l !l;e ! ond i ; roi^ei'.eia.don k a e i l ; l \ " , IndeixaidciH l'o\',er ( . 'orporai ion. 

i cs l ia io io . I v t o t e ihe M i c i i i ^ a i t P'ablic Se : \ i ce t 'ni i; i :-a:,>ion. IJet e n d v i A"-. hJSb 

I on'^-- kc im I ' lo iec; ioi iN o f A \ o : d e J 1 iicr..'> Costs" tAi Pae i l k Cias and Idec l i ie C u n i p a n ) . 

Int!c| iefu!ei i l I 'owei L 'o ipo i . i l i on . Pre|ia!ed lor ( on-bnsl ion baicineena^e !ne.. Dee. 12. I'KS& 

"A.' i .H\ •-:•. ot :he C i ' i t (•oi ! lpwlU!\ enCNS K^\'' oa l -k i red I ieelriw ( ie i ;e ra l ion v s, Pi i ivhasc 

Po-Acr" tor die . \ i i / o n a I Iccirie Povvcr ( \ opera!i ' .e. h idencnden! Power (.Airp , \ o \ . I'^^h 

' Hi let . •: i;,e \ e \ a.̂ ia \ ] i n n r a .•\---i^caition. Dct .ac ihe Pid,d,e Se; \ ,ee ( \aM:rnssion o l "•, c\ ad a" 

Do. Kct \ o S6 " ' n l . October 77. A'Sd 

A ' :p |de i ! ' cn ia l I c - t i ino i i ' . o: b-depei'deia Po-.\Lr ("oip. on behal : lO l|-.c ''nC*. ada M a n n 4 

Ns'-oc. hr ' lore Pidi::c Se i \ lee ( omini^- . io i i o f \ e \ ada". Docke l No. .So-"''. ']. Sept 22. 1 ''.S'i 

" I c l i i i o i ; \ o l l ' idc|vai , le i - l l ' o \ \c r C'orpo; i t iun on h.hai ld i ; " I'lie ' • . c ada M i n i i ; ' A^ -o^ 1,;:!•,.n 

i i c l o i e l i ie Pobi ie Se:\ ivc (_ v*iiaiH^sion ot \ e \ ada A Dockel N o . X d - V u i , September i n , !<)Sfi 

•pae,t:c O.i^ ,ip,d k7eelrie S\ -,;eni t )|-'c;.!ik n (daira^Ici l^Ile• . in.! I MecN o", Geod ie in i . d stctnn 

P: u e - li;].''. Pe \ eiaic-- ' . I ' ; eixired to; 1' iv. i a ii (V Ja it'c-.. \\\'.\ 22. I "Sn 
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dla.^ekne i ' r o ' oda 'n - . ot A' . oide;l \.\ CTLIN i.'o-.is ,;n-d Ineiemental I .neii[> Rates ti"a ( 'abloin-a'--. 

! i o e>na ( iw lle^l I ;ik.'.ie->". |aepared toi I': . ;:ic I n_'!iUn;t i n.-i'p.) ^^ .^lcln^, .Uinc 1 ~, I ''S'> 

" d e n c i . d As-ess incn l o! I reiuN m (.'o'.'eneralion k i ie l Prices. .A\oidci. l ( î -a-- ana ReMi i 

\ - [ ^a \ \ ^ ' Rates o t P a . i l A : ( i . i - ."̂  k l ee inc t \ I ' )S^-2onoA lo ; Ci.r-.u^w i S A . \ i - i ] : I I . Ak^b 

' Protect lo l l ol ihc I . i ke ! \ Ran;.,e o l ' Increinenl.d I nenj.) Rate-. ar..l \v oidet l k i jcr i ts Costs o! 

Pactkio ( kis A. P. lean ie ( ' o ! n [ \ i r . \ " , prep.n.-d I' n' Sien; i ! t 'ai>i!a! ( o\ pi ' ra la j io ' Kaohei 72. ! 9Ss 

I'loieele:.: Prices •."'. i 'acMic l 'a-. .V k A-vn ,. (. o, Oeod ei i i ; . i ! Stc.nti at tke l je> --eis AySi'i-

7nOil'k l i ide i iendc i i l l''o'a,e; t o ip . , lor K .doe:', Pe.tiiodx X f •ompaio , Oct ok..a IS, l ' 'S ' ' 

' liii'.iLd \.> sos-anei'' o l die Av o;ded ! r.c.'i;- ( 'osl - old'.n, OA ( las .md k Ici. li le ( 'ompan; . and 

•soalbei n ( ab lo i m a kd i son ', I or PoAi ' r S. :,teins ianeineei n i i i . 1 i.e., Septeinbe: i n , ' 'JS> 

"Re\ i'.-w ot C ahko; ina r t i k t \ k'ael PiiCc 1 o iceasis" . lor Si,Mia 1 ( apnal Corp . , Sept •̂ . inS"^ 

d'. 'oiecicd Pi ices na Paei lie ( ias iV k Icei: :e (. on ip . in \ ( l eod ienna l Si cam a I lite ( jc> seis 

; ' ;So- o'yS"^ i i t Jc i ' cnden ! S'owcri , o ip . . !,.• (.'ac\ii>a Re lourees ( "ompar . \ . \'a,-_'a.-: 2v, A'S> 

I'le-k- I o:- ( omnn ler Mode I int.' t..>i' tdcc l i :c r n t i ' i e s , \ Snrv e'« o; | ki;d'.'. are >.'It ware 

I. . i .nn.i::->;i!p . •'! l ' \ R c p o ! i \ o S 5 A ' " ' . J Miiia;\ A ' ^ -

• I cn - . oi l 1 e j ln.^e:\ :ee \ "o ; ; - l ) es f ' , i c t i \ e 1 \a in , i i , i l i on S\ - letn I'base II Reik i in lip- M;.i,,!> 

Ke l t , i ; , ! i t \ aii-l "s} - 1 . in I : : ,Y1 I - , enc.-- ..X-. •e - - rnen ' " . 1 inai Repo i ' :<• ^:,am i !<esea!cl; i n , 

l."o!..'co 1 K I in. , s i !C \ \ . ) . .S4ASI . N. >, cmbei i'-bS-l 

d ' :ewf . \ o lA A-maiii i i Pr ime Re i i ah l l i h An .d \ses lAr ihc RaJ ioi i-oiopc 'i b.i.-iino-eleeirie 

I icneia'. i ' i i R 1 {1 i S a l c t \ Stndv to;- il ic ( i ak l eo and in iernatamai Sol.n Pol:;r 'vpa^c M t - s i o n ; 

\ .k !e ! ;d ' ; ;n lo Rev ;cw o l SluiMle Cei ini ia l a i l a re l ' !c.ba'Mli i \ I stin.taies k-.i "snaee Nnc cai 

Mis. : io i i . .Xpi-l i-ation:-". Report tor I eled;- r,c !.ricr:e> SN Men IS. h?,. . \ ]y i ' o r .e \V capon s 

l.aboM-o,[-,. SM-I \ \ - ^ 1 - I bt. Sepicmbe i^'Xl 

IA". :ev'. ar,d . \ n a ^ si.- o-t l!ic \ e \ ada Po\^e! (dur ip. i i % A','s-l-7no ; Rcs.ni iLe Pla::mne 

M ibm ".:'. ' Repeal 'o die Pah lie -ser'. i.e I" ainnis-.ion o f A e . ad,.i jnA ihe ' . c .ida Ol't iee id ' 

t ..visi.na.a-:' \ d - . o. He, SkR \ \ o M - ! > ' . .Nac.iM A'S ! 

•Rev iCN̂  .a111 1 '. .dnai ion o! 'he Sier: ,i Pac'lA^ l'o^^er C o ' n p a i n I "S i-.S rO 1 Kc .oit tce Pkiaii inir 

Sn lnm l l a r , kA'poi ! lo kae Pobl ie Ser. iee C ommi-,sion ot \ e ' . ad.i .aid, the \ ' e \ ,Rla O l I A e ot 

Consh ine is ' A d v i a l c , SbU \ No f ( l - f - d . ^n)m^l I'.'S-I 

A \ i , l ! ^ - I - . m S i n p o i i o f A-sc-MV.cn'. ol H! ' . \A Shoit Iern i Rates .m.] I oad l i . tkniees' . s k R A , 

Ine , Pepoi' i lo Son;k,ein C d i l onn : i I d l ^o l . . S fd (A No, S.U 1 2^ , N k t r J i A'S-l 

" b A \ n le ' i d ! t \ De i ; ai.;i koiceas-dni.' and Kesoi i icc Pkaarnc in N L \ .:•.•..'.. \ K e ; ie\ \ ot Siate-

o| - ' ; ie- \M M c l b o o , ,i; id R e e o m m e m k n i o n . na' Kepid. i ior \ i n. cr-i..dit '. Dee. I ^'Sa 

" I l"ie I e.a - la t i - e .1; d, ConliMClnai I laine A ••! k lor I'l'^-'-et I lan-acl ion-- a; 'fio P.icilA' 

Nord'iOe •". I-Iepott to i|;,e Soot i ie in ( al i lor-na k'dison C o m p a n \ . Sep ler ibe i l ' 'S^ 

A\ r , .\( ial> -as o tdhe W P! 'S^ • De!a> \)..\-l -ion b\ Itie Itonnev die Po^^er Ad ; i i i n i sna t i o i iA 

Repori lo. l i ie Somliei^ii C.iji l-'.i nia bd;son Coinp.m:. . SI \<.\ , \ o . X ^-S5. .Au)_oi-t A^S.^ 

1 e.!•.:,.,!;••. s',.i ;̂  ,, ' , \\ . .odd :ic. i I leetr e Po^^ci PlaniA Rcn- ' i t to Sk .c i i so - An ie r ic . in 
I 'spî e - I- , ,Alr,Mlst I 'fS.-

"Cni Ike Uot ine\ die Pov<ei .Nihnintsn. i l i iM; AnS'i PropO''e.-i W ne-'es de Po'ae' Rates", Kcpor; lo 

"soulhein t a i ' k a m , ! 1 di^^1n C o n ; p . i i i \ . ,k;b- I'iS."^ 

http://-MV.cn'


l U M l l. /,VC. 

"Pac i l ' c NiatlrA..-st Idectr ie Power Plannii Li: k im ik i l i i - ns î e <)p[^oi^i.iriiiies. Sierra id ieru) and 

K-sl, , \s-essineir . . ! i i , ". Re po l l h' Sini lhei a ( 'a ! i to i nia b'dison t o., M a \ • ''S ^ 

' \ nei'p;. •.md die i-"a'e o l ' b.eos\ - le ins" . the teport o! die I •cos;, aem uiipai. 1-- Kc-.oiaee i.irunp 

ol die Ri -k In ipav i I'.inel o f tl ie Comn i i l l ee on N'.iclcLn' and ,AiUanal i \ e I nere>' S\ stem-;. 

N;iI :ona! i\C>carc!i C o n n c i l iNa l i ona l .\ea.dem\ I' icss, V\ asb i in j lon . [ ) . ( ,. I'JSOi 

hook R e ic\'-; W'Liiei' In S\ nthel ie knel P ro j i i e t i on . I he '! cell no !OL'\ and , \ ; l e rn ; ! l i ^ es, R. 1 

Ptoi is ie in ;ind I k C o l d , Water Re-.onrccs I b i l k - t in , \ ' . 1 . \ \ o r pp. I P ' - k l T X . Oelohcr I "" ' ) 

i o l lene o l I iiLiitiee: in i : k ' tcrvkoei |d in. ! i \ Mi .d ies, ( ' a l i l o rma p..uvcr i ' iant Si l i i iL ' w i ih 

I mpl las i^ on Miern, t in.es lor ( OOIIIIL^. 1''^"^-VS ( l I. ot I 'al i l ' . . Mcrkele> Co : lege o l d ng. 

Kepn-t ' :^ - : ' . l 9 7 S i 

I k i r i e . . ! ar,d M ! !-t nu^c i r , l';ieo.'.> and V, alcr. Science h>0- n2:^A.2 I . keb ina iv 10. :')'^S 

Mat le..) , ê  al , k:i i \ imnmcn t .d Coi isequcrv es ot' k:iiciL'\ I echno lo i ; \ • Hi inu in j i the la;sscs o l 

I i:\ ma in i cn l . d Ser\ iees into die Ibdancc '•du-cu, i 'ai i I k Ser'. •ecs, I )i^-ri)ptions. 

t 'onse-.pien.ev. 1.1 , iere\ and Rc.-oniCes C i o „ p . t i.r. ol C . d i k a ; la. ! !e ;kc lc> 1 V.d-W l'-'^'^-2. 

Uc loher k'?":*! 

Testimonies: 
Pel i i ' i inanee audit on post-restniel i i i ' inL; pat chase power pr;ieiiee-, o l i 'ae i i ie C kis .ind S-dee t i ie 

P.n-.ei Com[ ' \m ) lo i the ( a l i fo i ' i i ia Puldie L:ti!lties Connnis- . ion ( C d ' l d ) i l e s l i m o i i ) b.eloie 

ihe ( d ' l (A. M n ] 

I V ab ; i t !o ; i ..it i( )(.-pi(\po,sed li ';i i isili is.siiin loss I at lor es l im.Uion I eel c l iques based on die 

|S(J' , Ce; ier ; i lor Me te r ^ l l d l i p ! i e r ^ nietho. lo louv [ Ics l imoi is bcl'MiO die ( P' 'C ). 20l)0 

De . ek"';'aiicn' .d an ' . t inn sl i . t lc i t ies and ;ides ka firoeuriin.' wb-' les.de SUindard O i l e r sco.ice 

1.1 mcei i iis'..):ner- Icsid ob l i eat ions o f \ c ' . \ ki iLdand i; i \ cs 'or-ow ned ui i l i l ies i l ^ s i imo i i ) 

•.appo;;. ludore tlic l>c(iarl ;nei i t o f [-neri',) ,ind le leeoinmi in !c ; i l ;ons ot ,Mas':ae!!ii-^etls). i';'''') 

•o i lan l 'C ( ' i ;> k ' leei i ic C( i ;npan) ..\udil o f Strtindcit C'os-.s; [ ni.d R e p o ; l " , w i t i i har r i tu t ion-

\'' e ;!es!c> ( i ivHip ( tes l i n io io support be lore the New ,le;se\ Ri>aid o| Pnt'-liL I ti l i l ies 

' 'ofit iad I. : '>''7 

Dcsi i^mne rales ,ia.i ien..d,!!ions c.iw ernni i ! uui i l> purchases o! i t idepcnvtci i lK .Lcnciaicd 

j iowcr an.I vie' .cloped ..ontrael LiiiLttiaee \'oi- st.mdaid id'fcis to q i i ' t b l v io i ' taedi lv [iroicels 

(API C : c s t i m . ' n \ i. I -*•) i 

I va luat ion o l ! '^.-(".mada i rce I lad.e \ : ;ee : i ie r . t nnpaels on po-.ver '.f.i<.]i: i :esti:no;_\ before 

t . ih lorn i . i lee [s 'an i ie i . A'*b' 

Devef i f i iNC' i t .)l in.-ih.vJoloL'Ic^ lor fore^ .' -.tiina a\ a ik ih le i ransie; capahi l f. la . t'le i 'aei lA .A(" 

ia leroe t i . in-.mission -vs le in . i iu! associaied niipael - o l inlci-iCLOon.,d s'nph.-. power lia.ie 

r e - i n n o m . ke lorc t ie i. a l i lo r t i la l ';ierp> ( ommissii-.n.l. :'JS'.i 

\^ses.-.[;,s.i prospecls lo;' I name ii i i i and eonsi rac i ion ot the ( ' j i i t o r n i a - O i v . a o ' i han -m ; - , i i o i i 

Ib .nce: .,r.| the , l i nd .At' Intert ie iC .d i fo i i i i . i knc ru ) C o n i m i s - i i i n le - lnnonv ). I ' i^H 

t 'on l iae t pert 'onn. in. e eva iua i io i i o\' in.i jor m i l i l i cs n ivo lved in a loi ip lerni n u i b - k i i e r t i l 

.p'fce; 10!il lot die - . i !e . exehaiiL'e ;i iul ba.iikui^a o f elei.n ic i t \ ( l i l l p i i l i o n sunpot i t. I ' ' ^7 

' \ \ : \ lew . ind \ n a l > s i s o l ' l i i e N e v a d a I ' l ' w c r ( I ' m p a i i ) A>S l O h O 1 R.csoiirci-' I ' l a n n i i u ! 

S i i h u i i i i . i l ' i i o s i i i ! i , a i \ h o l o i o the I ' l i b l ie ^ e r \ iee C 'on i t i i i ssnMi vd N e \ a J : i i . l'^S-1 
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H A R R I S O N K. C L A R K , Consultant 

M l , ( d a t k l e c e i v e d the i i S l . i , degree I'roni C a l i l o n n a Stale 

Pol \ lee l ime I diiv ersi ix ( C a l f ' o l \ ). S;ii i i .ii is (.)bis|>o. ( .'V in l*J6(». i le 

|oii ievl ' i cnera! !• lec t i i c ih . i l \ e a r and ew er the n e \ l l.^ui \ e a r s 

e i i i i i p k ' l e d seve ia l g raduate l e \ e l eoi i rst 's i ne l t i d i i n : l i te C i , " : \ 

( onr^e" ' w h i l e [ l e r to i i n i t i L ' i.o,ii..ec>Hia! t lesi iz i i , [n>wer t l o w . s i : ib i ld '>. 

and p ro ieL tM i i s tudies l o i C I . A largest paper, ehe i inea l . and 

pe l rokan t i e l ie i i l s . 

In A r t ! M r Cl . i i k j o i i i c v i IViw er I ' echno log ies . Inc ( I ' l l ) , i l i s w o r k 

at I' 11 inc h i l led i . ' . i i i !pn icni bai l i i re ana K sis, t ransmiss ion p l a n n i n g . 

b lack. Mil inv es i i i i a l i o i i s and e r i le i la d e \ e l o p i n c n i . I le l iel| ' ied guiLie 

i l e \ e l o p i n e i i I vd Ihe I' I I PSS I > iabdi t> p t \ i g ra i i i and lias ai iaK / e d 

s t a b i l i u and Md tage co l la j i sc [n 'oblents and dev e lopct i protect ion 

p h d o s o p l n and so lu t i ons U' .w orv o i l a i ' e , los-.- . i | -s\ nehron isn} , and 

seH-e\e i l . i l i o i i p>rohieins. 

H is i i a n s n i i s s j o n | d a n n i n g w m k has i n \o l \ ^e t l a i l \ o l l n g c i e \ c l s and 

, i l i o b l i u - . i \ a i l . i lde lec i l i i iLp ies \\n i n a \ i n i i / i n L ' trailsILT e a p a h d i ! \ inelui-bm.-' i e - ^ l o s i n - j . series capa^ i to is 

,uid leaL iors . s l i i i id c o m p e n s a t i o n , i i i a k i n g re.sistors, unit n i p p i n g , s i a b i h / c r s . lasi - . a h e ae tna i ion , Ingi i 

p e r l o n n . i t k ' c e \ t n .n io t i s\ s ic t i is ,\\\C\ re inevi ia i ae l ion sel let I lc^ I ie de \ e loped iK-.v ex tens ions toi i l i g i k i i 

a o v e i n i n g on l i x d o ' | i lan is in M a - k a , i i i e l i i d m g ii.^>\et iise o k l V d l o n i n r h i n e dc t l ee to r s !or bo th s l . t in l i lv and 

ia | ) id bla..k-(,nn i e e i i \ e i^ \ , 

M l i. 'kii k A eai K nKla.sinal e x p e r i e n c e a l l o w e d h im lo make s i . ;n in i .ant ^ o i i i r i h n t i o n s m eleelr ie p o w e r 

indu,sir\ el tor ts i , ' i n i p r .w e s i n u i i a l i o n s vd cus io i i i c r loads in J'irsi-sw i n g . o>eillaii>r_\ and u d l a g e stal i i ln)-

aiKiK sj-. M o i l e l « i;e dev e lo | )ed ine lude i n d i i c l i n n i iuHnr t l \ n a n i i c s . t i i sc l ia rgc I i g l u i n g , magne t i c 

satiiralM n, aiivl d ie e l l ee l s ot n i a i m a l LIIKI au ton ia t ie loatl evni lrols sueh .is l i ie i n ios ta ls . I ic dev e loped ' .A ' 

; i i i a l \ /-Is ; i i id o lhe i a n a K l i c a i ni el buds and so lu t ions \o \ o l t a g e co lk ipsc . .is w el l as ct i lei la lo i. o n t i i d i isk 

ot' \ o i l . l i te eul lapse. I le was an i i n i ted prese i i le r at the l l i s t io in l N S I ' / l l T i . b ' i 'R i C o n f e r e n c e on \ ' 'o ln ige 

Sn ib ib iv in IVSS .\\\\.\ l ias m. ide n n i i n suhsei iue i i l | i ;esen la i io i i s ai \ \ SCC . II I d . .\\v.\ \ I 'RI e \ e n l s . 

l i e n o e si I gated n ine m a j o r l i i i tek i 'U ls i n c l u d i n g the 1077 N e \ \ ' ^ 'o ik C i l> b lack o a k 1 Ins e \ [ i e ! i enec led to 

de\e !o |Mr .en l ; t"li , insni issi ,>n | d a i i n i n g and opei. i t in•. : c r i ter ia for i . l ie i i ls m c ana.k i the I S.. \ o r \ \ a \ , a iu l 

I, cn i i a l \ i i i e r i ea i le l ias presentcvi c x ( v n l e s l i n u u u m legal j>i"oeeedings in f . 'a iKhki and in bo th M.i ie a iu i 

I ederal p ioeeedn igs in l i ie C.S. 

M r t la ik h.is kn ig l i t I' i I s h o M CmirNes VMI S \> tem ! )>na in tes . I i \ ' l ) C . ami S ia l i c \ ' a r S_\ s le ins and 

| i . i r t i .a is o f d ie iwvi-v eai l ' ov \e f l e e l i n o i o g ) Course I le e iea leJ l i ie I ' I I Nodlage S tab i l i t y ( . 'uuise, 

[ i resef i ied to ov ei hH'i| i s iuden is vv l^|•ld-v^ ide. l i e w is a ma io r ev ' i i i r ib i i l ' . ' r lo I ' I ' H I A HrsI opeiaR^r t rain irnj 

e.Hirse 

At i ' I I M l r ' . n k was p ronuHed lo Senit^r i ' nu i i i ee i in I ' P - I ; M; tnai :er . \ ' i l i p . S\ s tem Per IV inn a nee in 

I OS 1 and N l a n a g e i . \ \ es ler i i < )k l iee in I 9 S " . I le is a Sen ior M e m b e r o l H i 1- and has [ iresenteri or 

p i i b l i s i i e i i 1 ) [lapet • and . i r l ie les . M r . ( d a r k reiii^et! I r om 1' I'l in 1006 a iu i is now an inLiependeni 

Lo i iMdla i i t 111 i ' ' " " • Iii.' VI. ; K sc 'ee led b\ i i i ' \ to set \ e on the B lue Kibbr>n Panel , l ^^e ln i l l ed to L^aidc I !P. \ in 

.lOdressiii-a i na |o i 'nvff, \ \ S( ( ' d i s ' u r h . i t K c s 

Kcce i i l aetiv i l ics . i t . i u d e c n t u h u l i o n s lo l i te Western t i o \ e i ' n o r A A>soe i . i l io i i . \ u i i u s t 2001 report 

••(. 'oneeplual i ' k in . lo r I leei i i c i l \ 1 ra i i sm iss io i i m t i ie W e s l . " several l e s l i i n m u ass ignment - . . asslstaiKe lo 

a mdust iv leatl i i iL' . - o i i su l i n i g f i r m on se\ era! xo lu ige s l a b i l i i \ a n a h ses. am i . issisianee to e lie i l ls m the 

NoiTl icasi l i d l o w i u g ihe .August I d . ZW-^ t i l aekou l . 

March .'C''je 

P?.gk- I o f ^' 

k iMison K. CIcirk B 2 6 ! Be rg Street Grani te B.v/ CA 9 5 7 4 6 wwvv .hk fda rk . com 91G791-22W' 
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Publications 

1 I oad SlicJ^lai i ; lor l i id i is l r i . i l Plants." P.iper Nu. 

K l ' A C r i ) - P M J •'•.AS. pre-ienied al I ighlh Annual 

Mee'-iii-j o! 11 k! huhis'.ri Vppliealioris S o t i e l \ . 

OLlober S- i i . i-'V.I 

.' 'V idtave ( 'n t i i ru i in ,i kn^'je bul i is l i ie.lt/ed 1 oad 

.\re.i Supplied b% Pcn.oie t jcneM'.;.>r., Paper 

N.i \ "̂ X :^<M-'), piescnled .:; II i ! I 'bS ^unin ier 

Meel ing. ,hiiv 17, i ' '".S, l eo^authors. i'.l-. 

I . i -kowski \ We;, idho. .u:.i D C O .Mvcsi 

• ' I i.;ii-.icnt S;.i's;;io. Sc i i - l l i \ ; t> lo Dcunlc i l 1 o.id 

Mo,.!els \ p. iMmeir ic SUidv ,' I'.iper No \ "bS 

"••^''-''S. pK-.enicd .it I k b l I'l S Mitnniei 

Mceti i c I'-ib. 1 7. I " ' S, u - ' - a n d i o i . 1 i 

1 . iskowski) 

1. 'I 'onsi..leialioiis i[i Ihe I v i i l i ia l ion oJ'Series and 

^hii i ; t i,'v;:tipe;!s.iiioii A l i on )ao \es . " preM*;iteJ at 

die K v l i I vp.,.. » ii.i-,igo.. II . M a \ l - l - I ( . iws^ 

^ Mieroprt 'ce ' - ior Ua-ed l.t.>ail ShedduiL: lor 

[I'diisiri^il Pill!!:-,.' presemeJ at tbe II I'l iaduslr \ 

\ p p i i t a i i o ' i - So..ie!> l . t t I'S Coi i ie ieaee. 

< I e \ e ! a n d . ( i ! k M,i> .-̂ -S I "S(» 

(1 i iili.i[-.i.i'inei;a o i M " SN slcttis 1 v App l i . .ibon ol 
D C I c e k l l o l o g v . ' ! P R I | l . , . l s ] l l ; s - . IOI I 

I itf.:i;itii>iis i ' . incl. I l l k - l ' l S Wi i i le i Meemi;^. 

New'Di lea ' is . I ..\, kelTuaix 2-U | " S 7 , and 

pi'c .eiiled al llie s> ni|io.'in.iin un k Iccirieai 

! ipeMiion. i l I'l.tnnini.', Riit .le .kii ieiro. \ i r . ' / \ \ . 

AuL'u-' A'. .A A 'S" , ; co-a i i l ' i o i , ! P de Me!k>i 

7 "Modc l i i i e to Dekiiie I in i i l • to .shunt 

1 'ompei. .Jlii'ii ' se ' ! ' inel oi , Ki-aviive 

M.ulcbng Con. ide i . i l ions . I ! \ i - I ' l S U r i le r 

Meet ing. Nev\ Otiear.s. 1 .A. I ebiiiaiA 2-0. l ' 'S7 

S AVplnme Cor;!r.>l and Keaetoe '^i ippK 
Prob lems; l ib . ) - i i i l i . r i . i i C ..iii-.e Kb \ C I I \ 'k 

l ' 0 \ M K I I A S K S, I ' k O R I . I - M V , \N |> 

S( i l d . : i l o \ S . Pub l i ta i i un x " b l b O t i r - ' . - P W U . 

pu'senled at die M I 1 -Pi S s. in in ie i Meet ing, 

S.i;i I i , ! i u n . > c \ , pik. | 2 - r . AkS" .iii,.l ihc 

Wni lei .Mcelan,, Ne.s ' i . ' i k . N't . A'SS 

0 'd^v ;ia!iiic .\ .peel- o i l \cnL;l ion Sv stems .md 

P.^v'er Svsten-, st.i'^^ili.'cr:..' [••rcsciiled .it ihe 

S\inpo--n;ni oti ' iee trie al ( )pcrat ioaal Plannini i , 

R H I de .biiieiro. \ U L ; : I . 1 I 7 - 2 ' 1 , 1' ' .S7. (co-aiilhor,s, 

i P .le M e l l n w i d I N i l n ; n e ( l i 

i l) "Re .1.1 ••.e I, 'onipci.s it:oi i in Pow cr 's> si cms." 

pieseutCit at die Sv niposinni on I d e e i n c i l 

( 'p t r . i I io : i .d P;.inniiie. K in de 'anen. i . .XuL'Ust 17-

2 :. i 'yS". t io -au t l iu r . I ) N, i -w. i i i t 

1 ! "Mie iv ' pTOvess..r H.iscd k o a l Sl ieddini ; ! it i 'he 

Pulp anil Paper l ru l i is t i> , " 1 APPI .Annua! 

Meei ine. New Orleans. l .A. September t '^S". 

and l.NPPI K) l K N A I . . December, I'^h^ 

12 bRk.isii;.il ,iiid Cni.'e i ieraimn Prou'ci ini i 

Problems Rt-Ljun ing S i i i i id . i i ions , ' n"l-.l ' 

11.in sa^ 11. II I ' oil bidustr;. \ppl i i . , i l ;v) i .- . 'vol 2.'', 

No -k.k i l ; . \ i l e " 'X'J ieo-.;iJlboi I W. 1 cites) 

I'-' ' I lie 1, ase ka .\s'- la-l'.Utl'.nus l l i lcicui-aicelioi. id 

I. bin.iA I leL i rk .d S\ ac i r .s f piesctUed.ii the 

loau I k i ' i I S k i 1 'ontcrence or: ! I i idi \ ol!,;;;e 

I Mnsni|.,Mii| i S\siei-is II', (d i iaa P.eiiini;, I lu-

Pe.ipA^s' Rcp' ibl ie i I t birui. Ov'.ober k--2d, 

A ' S " C o aathoi . I 1 J l ia r l l iok i ) 

l-l "! i>.id Mo. lc l int j U l Po-.vci I low .md SMhiht;. 

Sliul ies. • piescnied .it the î .'SK \VSC( 's'.thilil> 

Scinai.ir, K.-.einead. (.'A. .April >-" ! '»HS 

15 A^olMge C oii 'Tol .r.-iC Rc.icti \ e -Suppb 

Problem-,. • presented .il ibe i'JSS W S t C 

Si.ibibis Seir i i iar , RoseineaJ. t. 'A. Apr i l •^••7. 

Uv " \ oliaee Coi . l ro ! Ibaciices in Noiik. AonerrL-;;." 

l i k k N M 1 P k l Coaleteiua- l lmk p. iuer 

Svsteiii N'oll.iae Pl iei ioniena--\ 'o i t , ige Siahi l i l \ 

:ind Scc i i r i t \ . I 'nuisi. .Missouri. Seplember l '>-2l, 

k ' ^S, Pioeeedimjs. I PKl i 'ul-bealion ld . - ( . !S3, 

1~. • !-.\|H-neiiee VMIIJ I oad .^•kn;cls in die Siaudation 

o[ i);,n.u!iie i ' l ie i ioinena," i':ine: ou ko.id 

Model i iv j Imp , i d on S\ stem D \ n i n i i c 

Perlorinanee, 11 I 1 -PI S U'mlei Meeimg, New 

' lo rk N^". .laiiuars • " . | ebtu.ir , '•. A'S'J, 

AS l o i i - ; - l e i i i ; Dishi ib i i i iee M-v i i lor iug tor 

Improved S-. stem . \ i iaK s is , ' II 11 Cnmp.ite; 

.\pplie.Uii; : is in Pow..-i \ ' o l i i i i i e 2 N,, 2 \ p : i l 

I'/.S'). ( . .o-.ui lhoi, S I n. i lseri 

\'> " . \ ! i ;d \ sj., .iri.l SoluMoils tor Hidk S',>li-in 

N'oit.igc Ins iabd i f . , 1 1 1 ! ( oinpLter 

. \ppl ieat io i is ir. Po-.vcr, \ \>k i i i ie 2. N'., A .l.ih-

I'^SO, | . ,o-aa iho i , I J I. Browi ie l l ) 

20 'Addl.iCe Si . ibib; v oi i ' l 'wvr S\ s ieuis Concepks , 

\ i iab . tK. i l I no ! - , aii.l bidusti V i-xpe: iefiv.e.' 

Spe..i.i| I ' ld ia^. i tam o l (re S'.siein. Dui .a i i ic 

PetfvUiiKiiKe SLibeoiii initlee ol the Po'.ver S\ siem 

rn.L^ineei ineComnul iee o f t h e II 1 I I 'kS A » n , 

'>nlHi)7>S-2 PWR I a iu lvp lc eo-aat i io is i 

21 -Ne vk Cluil lencA- \'.>ltaL'e S iab i l i l \ . ' " l i . l i , 

PO.VLT l-ngineei ine ReMCw. N'ok.iiue o. No -J. 

\ p r d IO'' l i 

22 I itad Model ;ng lot •N>^reiii l )>naime 

Pcrtori iKinee, special p i ;h lua t ion id 'he I I l b . 
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PI --1 \*. I ' lkaia t i ronp on l.o.id Mode l i ng . 

Scplenii.er. A " ' ! feo- . i i i lho is i 

2 i •' I oad Keprc-er iadon I'or Dvnani tc i 'erfornuinee 

A;-.i 'vsi.v" Paper hv ib.e 11 1 1 l.id-. fo rce oil 

I o.id Keprescni.mnn loi lA. i i . i in i i . PerUirnianec. 

P;e-enied ,il Ike II 1 1. U ii ici .Meeting. Janu.us. 

2( ' - : : ) . ; ' .")2. Nc^^ York , N ^' i co-Liulnors I. 

2 1 "kxpei ie i iee v. itli Dv:'.,iniie Sv slein Moniiorin<j 

'.0 l.idiaiiee S\-,ten; •siaiidiO. \ i i a ! \M- , . " 11 I b 

PI S Siimnier Mec i ' i i a , I .-ne k,. 100! ' ^ o -

.lulhors. R k I lupi.i C I i.'i!l,in. D K. S'a;phm i. 

7^ ' I lie \ 'o l ! , ice I oll.mse Paen-.'inenon." 1''0 I 

Mi ' i ' icsot. i p,v\ CI S\ -.(etiis (.' i inlcrenee 

PnKeeOnv.'.., I inve ioP. .. f Minnesoia, October. 

l - . k P > ' ) t 

/(> 'A o'Lice Mabih l s ( 'Mlcna. PI.inn ing I , iols, 

I o.kl ,Mi-dcl i i i - ; , ' I PKl Nl ]H \ ornni on 

' >pei.ilion;il .111(1 Pl. ini iui ; : .\specls ol \ 'o lu ige 

St. i l j i l i iv, Ibe^keni iag.e. Colofa. lo , Seplctnhei ) I 

,ind i . \ 1"02 

2"̂  •A'oli. i nc Si.di.htv I M.id Mo. iebng. 's^idiilions. 

.itld ' n te rn i . ' ! ' ie-.cnlcd at l';e WSCC SlalMht) 

Sci innai, .luiie .A 100?, l.os , \ i igc!es 

2X •" , \ppne, i l ;on o f , \d|U- l . ib le .Speed Doublv l e d 
M.ii in lies in Piar. pi,'d Sioni'ce and Con\'enlK)nal 

1 Ivviio b lec l t ic i ' i .a i ls." Prescnicd ai the 

, \n i i . r k ; in I 'owei '. .a i lc ience, ?^l l i Annual 

Meei ing. . \ p i d I A k l . 1 .•̂ . I''O."^, Chicago 

I l l inois. I't-.i-.iiak.ui s J.HI Sti.-iri, \<o\ N'.ikaia. 

Pctei DoiKkck) 

.''••' •"I echnic.i : ,ii!d I conorii ie I \aluati i>n I't 1 ' i d [ i \ 

Ikiticrv SM:;i.ec •\ppl ica;io[ is. '" i ' lescnlcvl at die 

I on;di Ir.tcrn.il oii. i l CLinl'ereiiec. iCiller:es for 

I nc: p> St. 'Mijc. hc i I n < jer;r.ativ . Se[vlember 2^-

I k t . 'hc i I A 'O! ((. o-.iut;ior H \C /a in in i . ' c r i 

V l ••S u jges led I eJ i i i k jaes I'o: \ 'o inn 'e Sl.ibii i iv 

.\ii.dv -Is •• Woik ina, Cro.ii| i on \ ' o i i a^e Stabj|ii%. 

S\ -^leili l)v nanne Pci lo i inaiiee Subeoini in l lee. 

Pow cr S\-.leii i I ngineerirn: Co innn i iec . Report 

'>> I!IO(,20->IA\ R, lOCo-an iho rs i 

' : " \ ' , i ' ' lite Suihd'.l ;, ;ini! other Considerations in 

die .Nppl i tai io i i ot I lekl (."unonl 1 i imters." Panel 

Ses,i...;i on I \^ II.111.Ml Sv siein l . innie! 

, '\pplie.it ioti ,ind Modebi'a,'. I''0-1 Sumnici Power 

Mcela ig 

.•2. ' A b m n i l / i ng the Cosi o f N'oUage S ia l i i l iP . " 

I'rcseiitei.l at !M I l lospi ia i i l> Suiie at 1'J04 

Suininer !\>wci Mee i inu 

' ' ' ' I \ i ' f S .Xpphcaii. ' i is " Spect.d puldicaiivin o f 

the f , \ i . 1 S .\pjdtL. . i i 'oi i \^ .^rki 'U' i i roup o l the 

I! I I Power b i i . i nee i me Sol len., Dee , A>OS 

Pb:S Pubbc. i t ion ' I ' l 1 PI I (i-o inu i l i ip le eo-

. lu th i ' i s ) 

."'•I ••! in pad ot IiHteasiia.; W ind ( lei ier. i l ion on ihe 

IMi lsni Iss ion S\siL.[n if, tile Republic o\ 

I rek ind," SMi-.|-,o-!uni Neplu i i ; bnp.Le' i'l I ' ^ M . 

IKP and 1 b--inbuled Cienei.itu' i i o;i l'ov\ cr 

Svsleii is. Seplember I K - l o , |0'J7 

'.^ •Pi inciple- .1 ;id .Vi-phcal ion, ot ( aricn'.-

Modaia led I i \d" lC I lan-anissiun S^slein.s " 

Paiiel Scssmn .'M 'I M I S P.wvei bk-d ion ics 

.VpplicanoUs to Impr .we I'ower S' stem 

Peil.M'niafsC. II I I i 'ower MceOr,^, New 

Orleans, O d o b c i ''• ?, 2 ' ids, f o-. iui l iOs k ( i 

iJ. ir i ladd. 1) V\ood!Mid. 

2b • Wdl . igc Slai 'di iv S'li..!;. rd ific W^W Svsleni 

kol iow i in' I xtteine I nsiurbii i iees. " I'aper 

|( ! I 100 [ P W R s 20 ' lh KS':'OsS II I ) U'lnlei 

Powei Mecliir.', .'OOfi leo-aul l io i s| 

2>1. "Sc rnneii lat i i ' i l vv i lh ( n id Shock .Absorbers 

knsure Reliabidiiv ofk^iige l'l.ill^llll-^lon 
Inlereonivettions •" INivvci iX knera> Maga/iiif. 
.)a'i keb 2(.ibS ( f,)ui CO-.iijihorsj 

Arliek-s v^riltell fur Pu»cr Tiel i i iolnt;); 
,>K " In lp iOvC S ' . i b i l i l \ S|-i(|les \\\'.\\ |V, i | , i ; , in | n.id 

ML-.K'^S." \ " ^ ^ 

}'J ••,\n linpioveJ i,.',al ,M.iael lof Si.iluh:;. Su;Liics." 

PCX. 

In ""( oirnlex l)vn-i''uc Siniid limn I scil in Seli'.-Utij' 

l';o;c.!:ivii Si lieine ' IvHu 

It ••(2ii;ive:itie;;.il I'ower I li.'w .md M.i!'i!;(v ..Xa.jlvsi-
\;ip!:e.l t.i tla- I .M. :- k-oi; SaTiul .'mii I'r.'k e'li." 

k'.s7 
12 •••,'..[i.].:.' ' ' . l i 'poi ! ai lk;av;lv i v.i.leJ I H'v S-.oxn,.!... 

P'SI 

•l.> "d'.'O.ioa.iiK.j ' h.ii.i.Uf ••-'.;..- <'. Sene-. rp-t;ipci.'..i'M]i 
and N,,iini \ . i ; S;,;-,]-..!!, I'lN 1 

11 ••,\ i-, I •,p.ir,!ea Role lo; i(,iel-a'-U,i,k 1 iC 
CoiivL-rieis-' P.'SS 

kv •d'roiecne.;! el ( '..i^eiieiaunn .la.l lii.lii-an.i; 
(ieiu-r.:tii>ii " :'.)S'^ 

U. ' ] \ \ ' \>i. • I;-: I I tcd .>ii S-. siein l'c[fonii.iaee ;a;d 
1 si-n,;.; \ i . s .ie;;, I .ip.ihiidv.' P'K^ 

4" • !);.a.i[iiic •sa,;,aii>." P'S". ( •n-aiithiu 1 !' d.-Mc:f> 

IS \ ' i I i-ee M.r-i'il '. \n i v >i., l',c.]i.iH,-> \ei.i:[;ile i ) \ 

( al^c^ " I'W'i 

nt - l ivdi-uPkiu! \k>del ^ . . t .Kc .o i .C \'.">\ 

"lO -Mnpii Sl<,iieis .\: ' ieti ,\i,iJu!.n M, ik i l i l \ ; P''n 

.M •nvn,i:iiic I .'ad Modds l''i>;ii DSM KceuKliiiiw,' 
pw:. 

.^2. '•] xei'.anuii 1 aailei I'etl.iniiaaec C <'i lUud to Wdlai'i,-
Seu'i;r'-v." I'JV^ 

.'̂ .̂  •••V New l i . a l ' i . anc ' p/'J'i i Keea'^'dil;. mip.u io l 
:ii..lcpeiide;ai;, ..I'.nea ;,'ei'eMlairo 
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Reactive Planning and Voltage Collapse Experience 
W h i l e pel fo rm ino . jd a nut ng sUldJes fo r ihe grealer Sao i 'au io ai'ea nl ! 0 " A M i C I . i r k r e c - g m / e d Pie 

po ten t ia l fisr low v oi iaire-. , m[>ior s t a l l i n g , ani l s \ s t em b r e a k - u p fo i ee r lam e o n i n i g e n c i e - . 1 te corned the 

lei in "v . <\[.\̂ 2o eo l l . i [ t sc " a ih i p ioei . 'eded lo eon l i n n the p roh ien i t l i rouLih s i m n l a l i o i i s us ing del t i l led i.vnl 

m.'de!'-. 1 ie LICV e loped L A ' e U i V e an. iK sis !o help viel l i ie t e a L i i \ e ; eq i in en ie i i l s 1 w o huge sV nehrono i is 

eo iu lensc is vvere i i i s l . i l l ed to i educe r isk i d ' \ o i i a g e evd lapse. M r . C k i i k .A'-o re-, o m n i e n d e d i.lie l i i s l e \ e ! 

use o f imdei V .d la i i e loat i s h e d ' t i n g . "1 b is was a ian^ I in ark e lToi l m lb:"!l n de tn ie ( i the na i i i re o f l l ic Xi'^ltage 

L-a 11.ipse f a o b l e n p p i . ' \ idev! let iiinu>k">L:\ and too ls ;o addie>s n, and J c \ e l o | 5 e d ^. dm ions. S h o i l l \ .diet this 

e l f i i r i M l . C.:i,!rk was i n s i n m i e r . t a l in 1' 1 I A de \ e i op inen l o l ' i l i e i ikk isb") A t i rs i l o n g - i e r n i .s int i i la i io i i 

( .aj iabihl V \.--i l l ie s tud \ "1 the "sli'vx d - . u a m i e s " o l -. vi l ta' je e^diap•^e. 

Ni l ' s. Ln k vveni on to L.a iduet n i i i i i e r o i i s i e a e [ i \ e p a i n n i n g aiu i \ o I lage e o i l apse s tud ies . 1 le relniei, ! ihe 

c u i K e p l id" under vo l t age load -died tt ing. and d e m o n sHaled iC er fect ieenes- , j i ; -,e\ era! l o n g - t e r m s i nuda t i on 

.st ut i les lo r el lent s l a c i n g \ ol[. i i?c ev'Ikipse p r o b l e m s 1 le c o n t r i b u t e d !v' a i l eai 1> lb.! 1! l u l o r i a U and 

w o r k i i p : g r i ' i i j i . .• t lorK lo d e t l i i e the \ o i l a g e co l lapse p r o b l e m .and i t 's an . i I \ sis and so lu t i ons . Me was a 

l i e t j ucn i speaker at I , I ' R I , N S i ' , i iu l \ \ S C C Seminars on ihe V o l i a n e C'dl . ip- .e p i o b i e n i , 

In I OSn M r , t. kii k prep. i ieLl the P I ! A ' . i l t a - i e L'oi i i - e " w l i i ^ l i co', erev! ic . iv l iv e p b l i i l i i n g :i\Kl m par i i cu l . i r 

ibe nai l l ie od ihe v i d taae co l l apse prcdi len i ami i t 's .malv sis a ik l - .o jut io i is 1 l i is course reaebed i i i i ' i e than 

|0(Hi s i i i d e u i - m -.everal d i ' / c n e o i m l i i e s . 

In 100 I M r . [ iai k l i e lpe i l CA' i i i i t i l P o w e r .md L i g h t t inders i iuu l an inc iden t on i he l r s \ s i e n i ( C m pus 

( h r is i ie and so i i i l iw a r d l t i ia t m \ o l \ eti "•transient \o l i ; i iAe e o i k i p s e " w l i e r e i n in .Ho is s low s i i lV ic ient lx 

di.r ime .i k u i l l I bat ibe s\ s tem i-- unab le l o le-aeeelera le t h e m . 1 in s same e l tort a lso i e \ea lev l a t ra i l i l i . ' na l 

V o i l ape en l lapse p r n b l e i n in I I K ' i i i i > w i i s \ i l le area ivaai l i ie M e x i c a n b o r d e r 

111 ai . ld i l ion lo ins earK 11 .Lb. e o u t n b i l l i o n s . .Mr. C l a r k lias w i i l l e n a r t i c les o n the v o h a e e eo lbq ise p rob lem 

and on \ o i t a u e e r i i e i i a req i i i r emenks , I le has rcLiaiariv adv ised e i ien ls I I K U V o l i age p r o b l e m s v\ i l l be 

ov ei l ooked il sb id ies a i e I i nn led lo tbe eonl!nL:ellci^•s i i o r m a l A assiK-'ia'cd w nit i l i e r m a l , i i td angu lar 

st . i i i i l i iv wrt'.ei I.;. 

Blackout Analysis Experience 
M r . C k i i k A si ieees-. iul career m the p lannino j n f l e l a h l e t r ansm iss ion s\ s ie ins l ias l^eeii in pai-i iho res i i l i o f 

I h s l - h a i i d exper ie i i ee \ \ \ \ \ \ s\ s tem fa i lu res . 1 l is i m esl igal iv i i is i'l b l ae lu in i s and m a j o r i , l is i i i r l iat ieev ii.ave 

evjtnpped h im lo prepare e fVee i i \ e re l i ab i l i i x c r i te r ia a iu i ensure thai those e r i i e r i n are ade i | i i a i e l \ app l ie t l . 

\^ S( ( ' ; ' 'On M l I dai I, was a p p o m i e d lo I l ie i i i u e R i i i l m n Panel l o i n i e d to e.xamiiK' the t w o iOOn e^en l^ 

ib. i i caused W Sf, î  b i e . i k - i i | i and w Kies| iread loss o\ ' load He vvas vine o f three exj^erts on Ihe p.niel w j d i 

react!v e p k i r m i n g and v o l i age s tab i l i t \ exper ie i iee 1 le jMep[i ted ,i d issent iin,: o p i i i i o n le l le r w hiel i was 

pub l i shed w i t h the I 'nnel Repor t 

s. n i l h e m I a l i h ' r n i . i ;ov)c, O n e .of 'die t w o 1006 \ \ ' S C C - w i J e cu ' i i k s case. ided in to angu la r ms iah i ln> and 

V o l i agc V o l tapsc in a l. ir i :e area o f S i m i i i e r n C a l i f o i i i n i \ 1 r C l a r k i iues l igaJev l these events and the i r 

in ipaet .'11 l. irge i tu iusOia l eus io . ine is . 

i i a w a i i 0 0 2 . I .me ou tages re su I led in i ine.xpeeled - je i ierat ing [da i i l responses ar.d I d a c k o i i k Cov erno i 

i ' \ e i spced p ro le t l i o n eau >eii (••nwer s\\ i i igs and \ vdl.ige l e g i d a l o i -, on m a i n i a l e o n l r o l a l l ow ett \ o i tage to 

eo lL ipse M r . ( " l .uk i e e o i n i n e n d e d tests a i i i i v iperatn ig praet iees lo reduee the r isk o l ' s i i e l i sur fu lscs in the 

tn tnre 

Saudi Niabia I '^ 'ai . A n c u l t r i n s i , i h i l i l \ i i i , i l caused i->laekvtut wa - t raced l o i i^ade. |uale prote. , ; io t i o l 1 I W 

11 ne.s 
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Cent ra l , - \ i i ier iea I ' )0b . In a . ,n id \ lo m i p r o u " r e l i a b i b i ) in six i d ' ihe sev en eoun i r i es i d C e i i i i a l , \ i i i e t ica. 

M r . C k n k lev lewe. l recent t l isTi i r l innecs aiu l gu ided t i ie d e v e k i p m e n t o i s_\ si tan . ipgiade^i aiivi an 

i i i le iCL'uneel ion lo i m p i o v L' l e l i a b i l u - , and eeonomic o p e i a i i o n 

New lei sev A C I \ m e d i u m \ o i l , m e side's!.ii i.m i r n n - d o w ii resu l ted in e x t e n d e d on laees n* area 

c 11 stoat lei's M r ( d a i k e x a m i t ied the s i i bs ta i i on p l i \ sieal and p ro tec t i on des ign and t o n n d nnpr . i iee icd l^'iis 

soet ioi ts. NL i io r pr .Meel i .m u p d a i i n i ; v.a.s re tp i i re t l lo eiisin^!,- Je l ee i i o i i o l a l l l au i i s 

Nevv ^ o i k ( " i l \ A'""" ' M l ( d a r k a.ssisied the Ni.-\\ \ ' o i k I 'ub l ic seiv iee e o m i n issum in its an, iK s i - Mis 

I 'petato i i i i le iv iev. s . i iu ! re la led. w o i k re \ e.ded se\ i. ral i m p o r t , m l issues tha i w ei e o \ er l ooked b\ la l ier 

!n' .esi i i ! ; ! t ()rs, l i e p repared the N ^ ' lAwver Co in i i i i s .s jon 's list t dA |ues l i ons for (. ' . i r iso-k i . i ted 1 d i son . .md 
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EXHIBIT B 

GRID INTERCONNECTION COST CONSIDERATIONS 

The cost of connecting solar and wind plants to the electric grid does to some extent 

change step-'wise with plant size. However, the steps are not well defined and there are other 

factors so plant size is not the only determinant of cost. 

Interconnections costs vary primarily with the voltage at which the interconnection 

occurs. While larger generators will connect at higher voltages and smaller ones at lower 

voltages, there is some overlap, say where a certain size generating plant could be 

accommodated at 46 kV or 138 kV or a smaller plant could be accommodated at 4 kV or 46 kV. 

The significant interconnection cost items are the buswork, circuit breakers, disconnect 

switches, transformer, protection, and land for this equipment as well as for new right-of-way if 

needed and conductor upgrades. All of these items cost disproportionately more as voltage 

increases (4 kV. 12 kV, 25 kV, 46 kV, 69 kV, and 138 kV). A circuit breaker, for instance, costs 

roughly twice the voltage, i.e., $92K at 46 kV or $276,000 at 138 kV. The same size transformer 

costs more when designed for a higher voltage, so transformer costs go up with capacity and 

voltage rating. More elaborate switching station arrangements are typically used for reliability 

purposes at higher voltages and require more circuit breakers per terminal than at lower voltages 

and more land. At the lowest voltages circuit breakers may not be required with less costly fuses 

and disconnect switches sufficing. In the limit, pole-top equipment is used and no land is 

needed. 

A plant large enough to require a 138 kV connection will thus pay far more per kW than 



a modestly smaller plant that can be accommodated at 46 kV. The smaller plant may, however, 

only have the option of a 138 kV interconnection if there is no 46 kV line nearby. 

At the small-plant end, where the generating plant is on a distribution circuit, the costs 

arc far lower than at "transmission" voltages, but can vary widely. In a very small plant that sits 

behind an existing meter and does not cause power delivered to exceed the previously purchased 

power level, the cost is likely to be very modest, possibly requiring only some adjustment to 

protection or the addition of a communications circuit to trip the plant when the feeder trips, for 

safety reasons. The pole-top or padmount transformer and switching and fuse equipment may 

not need to be changed. 

As the plant size grows relative to existing available distribution feeder equipment at and 

near the point of interconnection, costs will at some plant size increase to cover protection 

additions and changes, possibly expansion of a single-phase "lateral" to three-phase, 

modification of rcclosing. etc. A given size plant may require such upgrades at one location but 

not at another. Hence costs will not be sharply defined by plant size though larger plants are 

more likely to require greater changes to the distribution feeder. A plant close to a substation is 

less likely to face upgrade costs than one near the end of a feeder. 

While the cost of interconnection does tend to rise with plant size, there are many 

variables that make generalizations unreliable. A catalog of typical costs could be assembled by 

the utility by choosing an arbitrary assortment of plant locations and pricing each one for a range 

of plant sizes that could be accommodated at each location. 





EXHIBIT C 

TPL'S PROPOSED PHONEBOOK FORMAT FOR A TRANSPARENT AND 

EFFICIENT DETERMINATION AND APPLICATION OF INTERCONNECTION 

COSTS IN HAWAII 

The following matrix represents hypothetical information for illustrations purposes only. 

The displayed format should reflect what a page in the proposed Phonebook might look like for 

each HECO company. 

Proposed Format for A HECO Utility Interconnection Phonebook 

Interconnection 
Point ID [1] 

UWV-123 

XYZ-456 

Type [2] 

Feeder #2 

Overhead 

Feeder #3 

Overtiead 

Location Address [3] 

Starting longitude/latitude 

Ending iongltude/latitude 

Starting longitude/latitude 

Ending iongltude/latitude 

Voltage 
(kV) 

12 

4 

Generation 
Size Tier 
(KW) 14] 

<300 

<700 

5 1,000 

<100 

<300 

£500 

System 
Reinforcement 
Cost or Credit 
(JperkW)[5] 

0 

100 

350 

50 

120 

200 

Capacity Loss 
Adjustment 
Factor [6] 

1.07 

1.08 

Energy Loss 
Adjustment 
Factor [6] 

1.04 

1.06 

1. Unique utility identifier (e.g., name, number) 
2. For example, substation, primary feeder, pole mounted transformer, etc. 
3. Other ways (e.g., zip codes) can be used, information can be provided under suitable restrictions. 
4. The value assigned to the highest tier represents the total permissabie (Interconnectable) generating capacity. 
5. For as many tiers of total Interconnectable generating capacity as needed. Negative values represent credit. 
6. Multiplier that produce the average equivalent deliverable capacity or energy from the new generator to the system. 

As indicated in the table's footnotes, the values in the "Generation Size Tier" column represent 

the total generating capacity that would trigger a change in the expected system reinforcement 

cost or credit at the identified location. The bottom (largest) entry in this column signifies the 



maximum total capacity that can be allowed at the applicable location. For example, the total 

allowable generating capacity for the first (top) interconnection point is 5 MWs. 





EXHIBIT D 

EXAMPLE OF A PAGE FROM THE INTERCONNECTION PHONEBOOK OF 

PACIFIC GAS AND ELECTRIC COMPANY ("PGandE") 

The copy provided on the second page of this exhibit represents a sample from the 

interconnection phonebook used by PGandE before the restructuring of the power industry in 

California. The following should be noted: 

b The interconnections points shown are for high voltage levels (60 kV and 

greater). Hence, the total generating capacities that can be interconnected are 

quite large with nothing less than 30 MWs. 

o Consequently, the interconnection costs listed under the column labeled "System 

Reinforc Adjustment (SRA)" tend to be relatively modest on a per-kW basis. 

Such economy of scale may not be as dramatic or common for distribution-level 

applications. This means the Phonebook concept might be very important for 

secondary and primary distribution voltage cases as well as for subtransmission 
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